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A B S T R A C T

Globally, the incidental capture of non-target species (bycatch) in fisheries has been linked to declines of 
ecologically, economically, and culturally important marine species. Coastal gillnet fisheries often incur high 
bycatch, necessitating the development of new bycatch reduction solutions. Net illumination is an emerging 
conservation technology that has successfully reduced sea turtle and other marine megafauna bycatch while 
maintaining target fish catch across multiple coastal gillnet fisheries. However, little research has been con
ducted to understand how elasmobranchs and bony fish respond to net illumination, particularly across taxo
nomic groups and orders. Moreover, most studies have used green LED lights, limiting our understanding of how 
net illumination performs across different wavelengths and light types. Here, we use a 7-year dataset to provide 
the first assessment on the effects of illuminating gillnets using four types of artificial light (i.e., green LEDs, 
green glowsticks, ultraviolet LEDs, and orange LEDs) on a diverse array of bony fish and elasmobranchs in 
Mexico's Gulf of California. We found that net illumination by all light types significantly reduced elasmobranch 
catch across several orders, with orange lights resulting in the greatest overall reduction. By contrast, net illu
mination had no significant effect on aggregate bony fish catch across all light types. Our results demonstrate 
that net illumination can reduce catch rates of a diverse array of elasmobranchs while revealing taxonomic- 
specific responses between bony and cartilaginous fishes, establishing the most comprehensive evidence to 
date of taxon- and wavelength-specific effects of this emerging bycatch reduction technology on fishes.

1. Introduction

Globally, fishing is an essential industry that supports economies and 
livelihoods, provides cultural identity, and creates food security (FAO, 
2022). Gillnets are an important type of fishing gear, contributing a 
large share of small-scale fisheries catch and accounting for around 10% 
of the world's total fish landings (Cashion et al., 2018; He et al., 2021). 
However, coastal gillnet fisheries can have high incidental catch of non- 
target species (i.e., bycatch; Davies et al., 2009; Lewison et al., 2004; 
Lively and McKenzie, 2023; Northridge et al., 2017; Shester and Micheli, 
2011), leading to declines or slowing population recovery in large ma
rine species, such as sea turtles, marine mammals, and seabirds (Gilman 
et al., 2008; Majluf et al., 2002; Oliver et al., 2015; Peckham et al., 2007; 

Read et al., 2006; Dulvy et al., 2024). Bycatch also negatively impacts 
fishers due to lower target catch rates, damaged gear and increased 
repair costs, reduced operational efficiency, safety risks, and increased 
fishery regulations (Panagopoulou et al., 2017; Senko et al., 2014b; 
Gibbs et al., 2025; Suazo et al., 2024; Virgili et al., 2024). For example, a 
fishery closure due to loggerhead turtle bycatch in Baja California Sur, 
Mexico resulted in the loss of important seasonal income for fishers and 
their families (Senko et al., 2017). Therefore, developing bycatch 
reduction strategies is essential to mitigate bycatch impacts while 
ensuring fisher livelihoods.

Artificial light has been used by fishers for thousands of years to 
attract fish and increase catch efficiency (Nguyen and Winger, 2019; 
Yochum et al., 2024). More recently, net illumination has emerged as a 
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promising bycatch reduction technology that can reduce bycatch of 
marine megafauna in coastal gillnet fisheries across multiple ocean ba
sins (Lucas and Berggren, 2022; Huang et al., 2024). To date, the ma
jority of net illumination studies have focused on sea turtles and other 
marine megafauna, most of which have found reductions in bycatch 
while maintaining target fish catch in gillnet fisheries operating at night 
(Allman et al., 2020; Bielli et al., 2020; Burgher et al., 2026; Darquea 
et al., 2020; Gautama et al., 2022; Kakai, 2019; Mangel et al., 2018; 
Ortiz et al., 2016; Senko et al., 2022, 2025; Snape et al., 2024; Virgili 
et al., 2018; Wang et al., 2010, 2013). Some studies, however, have 
found no reductions or increased bycatch, particularly for sea birds 
(Field et al., 2019; Jančič et al., 2025; Martínez-Baños and Maynou, 
2018; Post et al., 2024; Sigurdsson, 2023). Moreover, Senko et al. (2022)
found that net illumination can improve the efficiency of fishery oper
ations by reducing the time it takes fishers to haul and disentangle their 
nets.

Despite these promising results, research shows that responses to 
artificial illumination are highly variable depending on species, as well 
as the color and type of light used (Wang et al., 2010; Yu et al., 2022, 
2023; Nguyen and Winger, 2019). Although all published net illumi
nation studies have assessed the effects of illumination on aggregate 
target fish catch, it is not yet known how fish respond across multiple 
taxonomic groups and within different taxonomic levels. Furthermore, 
most studies have used green LED lights (Allman et al., 2020; Bielli et al., 
2020; Burgher et al., 2026; Gautama et al., 2022; Kakai, 2019; Mangel 
et al., 2018; Ortiz et al., 2016; Senko et al., 2022, 2025; Snape et al., 
2024; Wang et al., 2010), limiting our understanding of how net illu
mination performs across different wavelengths and illumination 
methods. Here, we conducted controlled fishery experiments in Mexico's 
Gulf of California using four different light types that emitted different 
wavelengths (ranging from 395 to 600 nm) to examine the effects of 
artificial gillnet illumination on a diverse array of cartilaginous and 
bony fish species.

2. Methods

2.1. Data collection

Paired net illumination trials were conducted in a mixed-species 
commercial bottom-set gillnet fishery in the Gulf of California near 
Bahía de los Ángeles, Baja California, Mexico, from 2008 to 2014 during 
June and July (see Wang et al. (2010) for a map). This fishery represents 
a typical bottom-set gillnet fishery in Baja California, Mexico (Wang 
et al., 2010). Fishers use monofilament gillnets to target a variety of fish 
species, though catch during our study was primarily composed of 
spotted sand bass (Paralabrax maculatofasciatus) and California halibut 
(Paralichthys californicus). Although bycatch rates are poorly docu
mented in this specific fishery, there is known bycatch of sea turtles 
(Nichols, 2003; Wang et al., 2010), which has been identified as a 
conservation concern in similar gillnet fisheries across the Baja penin
sula (Peckham et al., 2007; Mancini et al., 2012; Koch et al., 2006; Senko 
et al., 2014a; Senko et al., 2017). While a few species of elasmobranchs 
may occasionally be retained (most notably in our study, the Dusky 
Smooth-hound Shark, Mustelus canis), the vast majority are discarded as 
bycatch.

For each trial, a similar-sized control net and an illuminated net were 
set in locations with similar ocean-floor topography 200 m apart at 
sunset and soaked overnight. The monofilament nets were 1.5 m tall and 
ranged from 60 to 400 m long. A total of 106 paired trials were 
completed with four types of artificial illumination: green light-emitting 
diodes (LEDs) (n = 23), chemiluminescent green glowsticks (n = 18), 
orange LEDs (n = 29), and ultraviolet (UV) LEDs (n = 36). All LEDs were 
commercially available Electralume lights (Lindgren-Pitman) with 
identical designs differing only in emitted wavelength: 395 nm (UV), 
520 nm (green), and 600 nm (orange). The green glowsticks (Blackrock) 
were 15.25 cm in length and had an approximate peak spectral 

wavelength of 510 nm.
LED lights were placed 10 m apart on the float line, while glowsticks 

were placed every 5 m to account for their lower light intensity. Lights 
were placed on both control and illuminated nets, with control lights 
deactivated to control for any effects of the illuminated device (e.g., 
weight). This control configuration allowed us to specifically assess the 
effects of illumination on catch rates. At the end of each soak, fish were 
counted and classified by species. If a fish could not be identified by 
species, it was classified at the most specific taxonomic level possible (e. 
g., 56 sharks were classified under the order Carcharhiniformes). Sup
plementary Table S1 lists counts for each species captured. The Mexican 
government through the Comisión Nacional de Áreas Naturales Prote
gidas (CONANP) authorized this research. All animal handling proced
ures were in compliance with the IACUC protocols of the University of 
Hawaii, Manoa.

2.2. Broad-scale generalized linear mixed-effects models

To assess how bony fish and elasmobranchs respond to four types of 
artificial illumination, we fitted two Generalized Linear Mixed-Effects 
Models (GLMMs), one for each taxon, using ‘glmer.nb’ from the ‘lme4’ 
package in R 4.2.1 (Bates et al., 2015; R Core Team, 2022). Our 
dependent variable (Yi), representing the number of fish caught per set, 
is modeled with a negative binomial distribution due to overdispersion.

Global models (i.e., models containing all possible variables) for 1) 
bony fish and 2) elasmobranchs included net treatment (i.e., control vs. 
illuminated) and light type (i.e., green LEDs, green glowsticks, UV LEDs, 
and orange LEDs) as fixed variables, connected by an interaction term, 
and the natural logarithm of unit effort (log[(net length [m]/100)*(soak 
time [hr]/12)]) as an offset term to account for differences in fishing 
effort between sets. To account for variation between trials, global 
models also included date, location, depth, and experiment ID as 
random effects. Fisher and net orientation (e.g. North-South, East-West) 
were included as fixed effects to prevent inaccurate variance estimation 
resulting from too few categories for each variable (Harrison et al., 
2018).

We used Akaike's information criterion (AIC) to select the best-fit 
models (Burnham and Anderson, 2010). P-values for net treatment 
and interactions were obtained using the ‘Anova’ function in the ‘car’ 
package (Fox and Weisberg, 2019). The ‘predict’ function from the 
‘stats’ package was used to obtain the expected elasmobranch and bony 
fish catch, which was then standardized by unit effort ([net length/100 
m] × [net soak time/12 h]) (R Core Team, 2022).

2.3. Fine-scale order analyses

To elucidate the fine-scale taxonomic effects of net illumination on a 
variety of bony fish and elasmobranch groups, we examined the effects 
of net illumination on each order captured. We performed the analysis at 
the order level due to sample size limitations that arose when reducing 
fish into family or species classifications. We calculated catch per unit 
effort (CPUE = number of fish/([net length/100 m] × [net soak time/12 
h])) for each order to account for varying net lengths and soak times. 
Then, we performed paired t-tests to determine whether each order's 
CPUE was significantly different in illuminated versus control nets. To 
identify differences in performance among different lights, we ran tests 
for each of the four light types. However, for some orders, small sample 
sizes precluded meaningful analyses of individual light types; thus, we 
also performed tests for each order when all light types were combined 
to understand how taxa were generally affected by net illumination.

For all tests, normality was assessed using Shapiro-Wilks tests and Q- 
Q plots. When the data violated the assumption of normality, we 
attempted log transformation. To account for zero values for catch, we 
added one to CPUE values before transforming. When log trans
formation did not rescue the assumption of normality, we used Wilcoxon 
signed-rank tests. Effect sizes are calculated as Cohen's d (i.e., difference 
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in group means/pooled standard deviation). All hypotheses were tested 
at a significance level of 0.05. Data were analyzed and visualized in R 
4.2.1 (R Core Team, 2022).

3. Results

3.1. Overview of fishing effort and catch

We fished over 65,000 m of net (control = 32,510 m of net, mean ±
SD = 306.7 ± 69.0; illuminated = 32,715 m of net, mean ± SD = 308.6 
± 66.3) with 2569 total hours of soak time (control = 1291.6 h, mean ±
SD = 12.2 ± 0.74, illuminated = 1277.8 h, mean ± SD = 12.1 ± 0.70). 
We captured a total of 13,164 individual fish, belonging to 43 species 
and 20 orders. We captured 8698 bony fish (27 species, 13 orders) and 
4466 elasmobranchs (16 species, 7 orders). Supplementary Table S1 lists 
counts for each species captured.

3.2. Effects of net illumination on elasmobranchs

The best-fit GLMM selected to predict elasmobranch catch is: 

∼ Net Treatment*Light Type+ offset(log(effort) )+Net Orientation
+(1 | Location)+ (1 | Date)

A summary of model results is presented in Table 1, while detailed 
model results, including fixed effect estimates and variance for random 
effects, are presented in Supplementary Table S2. Aggregate elasmo
branch catch is significantly reduced in illuminated nets when using 
each of the four light types (p ≤ 0.001; Fig. 1a). However, there is a 
significant interaction between treatment and light type (p = 0.021), 
indicating that the light types have varied effects on elasmobranch 
catch. Orange LEDs were the most effective for reducing elasmobranch 
catch (− 54.5% CPUE), followed by green glowsticks (− 32.1% CPUE), 
green LEDs (− 30.2% CPUE), and UV LEDs (− 23.1% CPUE; Fig. 1b).

Of the five elasmobranch orders caught with sufficient sample size 
for analysis, we found four elasmobranch orders with significantly lower 
CPUE in illuminated nets when all light types were combined for anal
ysis: Carcharhiniformes (ground sharks; effect size = − 0.63; p < 0.001), 
Myliobatiformes (stingrays, manta rays, and eagle rays; effect size =
− 0.54; p = 0.018), Rhinopristiformes (guitarfish/shovelnose rays; effect 
size = − 0.56; p < 0.001), and Torpediniformes (electric rays; effect size 
= − 0.31; p = 0.032; Fig. 2; Table 2). Insufficient sample sizes prevented 
analyses for Heterodontiformes (n = 2) and Lamniformes (n = 1). When 
breaking down each order's catch by light type, we see that Carcharhi
niformes (effect size = − 0.91; p < 0.001) and Myliobatiformes (effect 

size = − 1.17; p = 0.032) have significantly lower catch in orange illu
minated nets, while Rhinopristiformes have significantly lower catch in 
orange (effect size = − 1.13; p < 0.001), UV (effect size = − 0.58; p =
0.005), and glowstick (effect size = − 0.64; p = 0.049) illuminated nets 
(Table 3). Small sample sizes and low power limited robust analysis for 
all other elasmobranch order and light type combinations. Species 
belonging to orders with significantly lower catch in illuminated nets are 
listed in Supplementary Table S3, with their IUCN Redlist Status.

3.3. Effects of net illumination on bony fish

The best-fit GLMM selected for bony fish is: 

∼ Net Treatment*Light Type+ offset(log(effort) )+ Fisher
+(1 | Experiment ID)+ (1 | Date)

A summary of model results is presented in Table 1, while detailed 
model results, including fixed effect estimates and variance for random 
effects, are presented in Supplementary Table S2. Aggregate bony fish 
catch is not significantly affected by net illumination of any kind (p =
0.756; Fig. 1c). Additionally, there is no significant interaction between 
treatment and light type (p = 0.231), indicating that the effects of each 
light type on bony fish catch are statistically similar (Fig. 1d).

Siluriformes (catfish) was the only bony fish order with significantly 
lower CPUE in illuminated nets when all light types were combined for 
analysis (effect size = − 0.55; p = 0.001; Fig. 2; Table 2). When breaking 
down catch by light type, we find that Siluriformes has significantly 
lower CPUE in UV-illuminated nets (effect size = − 0.49; p = 0.031). 
While orange LED-illuminated nets showed no significant change in 
Siluriformes CPUE, the effect size was relatively large (− 0.63) and the p- 
value was close to the significance level (p = 0.06). Similarly, there was 
no significant change in Siluriformes CPUE in glowstick-illuminated nets 
(p = 0.25), though effect size was large (− 3.77) and catch rates were 
extremely low (n = 3). No Siluriformes was caught during trials using 
green LEDs (Table 3).

While there was no significant change in Perciformes catch when all 
light types were combined (Table 2), Perciformes showed varied re
sponses to individual light types (Table 3). UV LEDs significantly 
decreased CPUE (effect size = − 0.71; p = 0.006), while orange LEDs 
showed a non-significant decrease in CPUE (effect size = − 0.62; p =
0.102). Conversely, green LEDs (effect size = 0.56; p = 0.518) and 
glowsticks (effect size = 0.65; p = 0.233) both led to non-significant 
increases in CPUE. Species belonging to orders with significantly 
different catch in illuminated nets, including Siluriformes and Perci
formes, are listed in Supplementary Table S3, with their IUCN Redlist 
Status.

4. Discussion

Although net illumination has been found to reduce sea turtle and 
other marine megafauna bycatch in most studies (Allman et al., 2020; 
Bielli et al., 2020; Darquea et al., 2020; Gautama et al., 2022; Kakai, 
2019; Mangel et al., 2018; Ortiz et al., 2016; Senko et al., 2022, 2025; 
Snape et al., 2024; Virgili et al., 2018; Wang et al., 2010, 2013), major 
knowledge gaps include understanding 1) how a diverse array of fish 
respond across multiple taxonomic groups and within different taxo
nomic levels; and 2) how these responses may vary across different light 
types and wavelengths. Here, we present the first assessment of taxa- 
specific effects of gillnet illumination using multiple light types on 
elasmobranchs and bony fish. We found that elasmobranch (i.e., shark 
and ray) catch was significantly decreased in gillnets artificially illu
minated with four types of light (i.e., orange LED, ultraviolet LED, green 
LED, and green glowstick), with orange LEDs being the most effective 
(Fig. 1a & 1b). Net illumination had no significant effect on aggregate 
bony fish catch (Fig. 1c & 1d), although order-level analyses revealed 
varied responses to net illumination at finer taxonomic scales (Tables 2 

Table 1 
Best-fit model regression coefficients (Est.), standard errors (SE), and p-values 
detailing predicted effects of illumination treatment, light type, and their 
interaction on elasmobranchs and bony fish CPUE. The intercept baseline group 
is “glowstick” for light type and “control” for treatment. Full model results can 
be found in Supplementary Table S2.

Elasmobranchs Bony Fish

Predictor Est. SE p-value Est. SE p-value

Intercept 1.545 0.240 <0.001 2.503 0.314 <0.001
Treatment - 

Illuminated
− 0.381 0.146 0.009 0.254 0.188 0.178

Light Type - Green 0.199 0.236 0.400 − 0.722 0.339 0.033
Light Type - 

Orange
0.986 0.217 <0.001 0.155 0.331 0.640

Light Type - UV 0.662 0.213 0.002 − 0.103 0.315 0.744
Interaction - Green 

x Illuminated
0.021 0.206 0.921 − 0.255 0.262 0.330

Interaction - 
Orange x 
Illuminated

− 0.362 0.191 0.059 − 0.335 0.268 0.212

Interaction - UV x 
Illuminated

0.133 0.185 0.470 − 0.467 0.245 0.056
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& 3). These results suggest that net illumination can effectively reduce 
elasmobranch bycatch and maintain most bony fish catch, while also 
providing taxonomic specificity that is critical for informing evidence- 
based fisheries management at local and global scales.

Several elasmobranch species are threatened by overfishing and 
bycatch, necessitating mitigation solutions (Dulvy et al., 2014; Pacour
eau et al., 2021; Worm et al., 2013; Dulvy et al., 2024; Worm et al., 
2024). Net illumination shows promise for reducing elasmobranch 
bycatch in gillnets across multiple light types and orders. Here, all four 
light types reduced elasmobranch catch, with reductions ranging from 
23% to 55% (Fig. 1a & 1b). These results confirm previous recent 
research (i.e., Senko et al., 2022; Snape et al., 2024) that found signif
icant decreases in elasmobranch bycatch using green LEDs, suggesting 
that net illumination can reduce elasmobranch bycatch across multiple 
fisheries, even in geographically distant and diverse ecosystems. How
ever, this study also analyzes elasmobranch catch at a finer taxonomic 
scale (order), finding bycatch reductions in four elasmobranch orders 
(Carcharhiniformes, Myliobatiformes, Rhinopristiformes, and Torpedi
niformes; Fig. 2). Of the 14 species captured belonging to these orders, 7 
are globally listed as Vulnerable or greater by the IUCN Red List (Sup
plementary Table S3). Therefore, net illumination appears to be effec
tive for many elasmobranchs of conservation concern and should be 

explored as a bycatch reduction solution in fisheries with high elasmo
branch bycatch.

Without accounting for taxonomy, we found no significant effects of 
net illumination on aggregate bony fish catch, suggesting that bony fish 
catch can be maintained with illuminated nets. Similarly, other studies 
found no effect of net illumination on bony fish catch using either UV or 
green LEDs (Allman et al., 2020; Bielli et al., 2020; Darquea et al., 2020; 
Senko et al., 2022, 2025; Snape et al., 2024; Wang et al., 2010, 2013), 
indicating that multiple wavelengths and light types can maintain 
fishing production across fisheries where bony fish are the primary 
target catch. While we found no change in aggregate bony fish catch, UV 
LEDs significantly decreased Siluriformes (i.e., catfish) and Perciformes 
catch. Additionally, orange LEDs nearly significantly reduced Silur
iformes catch (p = 0.06, effect size = − 0.63). Some bony fish species 
may respond differently to artificial net illumination due to potential 
differences in 1) physiology, 2) behavioral responses to the light itself, 
and 3) behavioral responses to environmental changes created by the 
light (e.g., attracting prey; Utne-Palm et al., 2018; Humborstad et al., 
2018; Yu et al., 2022, 2023; Yochum et al., 2024). Thus, more research is 
needed to understand species-specific responses to net illumination, 
particularly for vulnerable and economically valuable species (Kashyap 
et al., 2023; Yochum et al., 2024).

It is unclear why fish have varied responses to net illumination. In 
our study, nearly all fish with significantly different catch in illuminated 
gillnets (i.e., Siluriformes and elasmobranchs) possess electroreception, 
allowing them to sense electrical fields to locate prey and detect pred
ators or conspecifics (Newton et al., 2019; Whitehead and Collin, 2004). 
Lights on illuminated nets emit novel electrical fields different from 
those produced by fish that are regularly encountered in the wild, which 
may overstimulate these fish, causing them to avoid illuminated nets 
(Jordan et al., 2013). Bycatch deterrent devices emitting active elec
trical fields have elicited aversive responses in elasmobranchs during lab 
experiments (Howard et al., 2018), and significantly reduced blue shark 
(− 91.3%) and ray bycatch (71.3%) in a pelagic longline fishery 
(Doherty et al., 2022). However, to effectively harness these technolo
gies for bycatch reduction in nets, more research is needed to understand 
variations in elasmobranch responses to artificial electrical fields, and 
whether electrical fields emitted by lights on illuminated nets influence 
elasmobranch catch in addition to the light stimulus.

The four types of light used for this study had varied effects, 

Fig. 1. Mean predicted catch (A) and percentage change in mean predicted catch (B) for elasmobranchs in illuminated nets and mean predicted catch (C) and 
percentage change in mean predicted catch (D) for bony fish in illuminated nets. Mean predicted catch in elasmobranchs (A) and bony fish (C) are standardized by 
unit effort ([net length (m)/100 m]*[soak time (hr)/12 h]) for each net treatment and light type, with error bars representing standard error.

Fig. 2. Mean catch per unit effort (CPUE) in control and illuminated nets for 
orders significantly affected by net illumination when all light types are com
bined for analysis. Error bars represent standard error. Siluriformes is the only 
bony fish order with significantly different CPUE in illuminated nets.
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suggesting species responses to net illumination may depend on wave
length and light type. The variable catch rates across the four paired 
treatments highlight the inherent variability associated with conducting 
experiments in real-world fisheries. For example, the control nets for the 
orange LED paired trials had higher observed CPUE than any other net 
type. This variability most likely stems from extraneous factors, such as 
date, fishing location, and environmental conditions. We controlled for 
these variables as much as possible through our paired experimental 
design and statistical modelling, as recommended by Yochum et al. 
(2024). Specifically, the paired design ensured that each control and 
illuminated net pair were exposed to the same conditions, while the 

model specification accounted for these pairs and allowed us to calculate 
predicted reductions for each light type using only the control trials 
paired with that light type (as opposed to calculating reductions for each 
light type using all control trials). Therefore, it is unlikely that the 
comparatively large reduction using orange light is due to coincidentally 
high catch in control nets. Rather, this reduction represents a robust 
finding reflecting species variable responses to different types of net 
illumination.

In addition to controlling for environmental variability, we also 
accounted for potential gear-related effects of illumination devices. 
Specifically, our study utilized deactivated lights on control nets to 

Table 2 
Mean CPUE in control and illuminated nets for each elasmobranch and bony fish order, along with effect size (Cohen's d), the number of paired trials included in the 
statistical tests, and the total number of fish caught from each order.

Order Mean Control CPUE Mean Illuminated CPUE p-value Effect Size # Paired Trials # Fish

ELASMOBRANCHS
Myliobatiformes* 4.02 3.01 0.018 ¡0.54 95 2196
Rhinopristiformes* 1.76 0.97 <0.001 ¡0.56 100 807
Carcharhiniformes* 2.12 1.08 <0.001 ¡0.63 78 797
Torpediniformes* 1.19 0.86 0.032 ¡0.31 72 432
Rajiformes 1.28 0.85 0.171 − 0.38 43 230
Heterodontiformes 0.00 0.26 NA NA 2 2
Lamniformes 0.00 0.94 NA NA 1 2

BONY FISH
Scombriformes 5.68 5.13 0.973 − 0.19 93 3547
Perciformes 3.28 3.09 0.129 − 0.10 105 2189
Pleuronectiformes 1.03 1.15 0.316 0.12 103 680
Acanthuriformes 1.02 1.97 0.401 0.55 61 629
Aulopiformes 1.46 1.08 0.888 − 0.25 72 602
Clupeiformes 1.91 1.22 0.394 − 0.36 56 589
Siluriformes* 1.43 0.75 0.001 ¡0.55 34 236
Tetraodontiformes 0.42 0.37 0.760 − 0.06 52 137
Characiformes 1.90 3.41 0.424 0.73 3 49
Carangiformes 0.39 0.20 0.361 − 0.28 16 31
Mugiliformes 0.17 0.13 0.578 − 0.12 7 7
Beloniformes 0.00 0.28 NA NA 1 1
Labriformes 0.00 0.53 NA NA 1 1

Notes: Orders with significantly different catch in illuminated nets are noted in bold and with an asterisk (*).

Table 3 
Effects of four individual types of net illumination on each order caught during trials, including p-value, effect size (Cohen's d), the number of paired trials, and the 
number of fish caught for each order and light type.

Orange UV Green Glowstick

Order p-value Effect 
Size

# 
Trials

# 
Fish

p- 
value

Effect 
Size

# 
Trials

# 
Fish

p- 
value

Effect 
Size

# 
Trials

# 
Fish

p- 
value

Effect 
Size

# 
Trials

# 
Fish

ELASMO- 
BRANCHS

Myliobatiformes 0.032 ¡1.17 29 732 0.283 − 0.27 35 1174 0.772 − 0.11 13 41 0.223 − 0.56 18 249
Rhinopristiformes <0.001 ¡1.13 25 212 0.005 ¡0.58 36 337 0.505 − 0.21 21 165 0.049 ¡0.64 18 93
Carcharhiniformes <0.001 ¡0.91 27 475 0.054 − 0.40 28 186 0.167 − 0.82 9 53 0.119 − 0.70 14 103
Torpediniformes 0.201 − 0.32 21 123 0.293 − 0.23 26 184 0.079 − 0.78 14 96 0.169 0.41 11 29
Rajiformes 0.561 − 0.24 7 11 NA NA 0 0 0.199 − 0.65 19 113 0.936 − 0.12 17 106
Heterodontiformes NA NA 0 0 NA NA 0 0 NA NA 0 0 NA NA 2 3
Lamniformes NA NA 0 0 NA NA 0 0 NA NA 1 2 NA NA 0 0
BONY FISH
Scombriformes 0.643 − 0.60 26 1165 0.247 − 0.66 34 994 0.589 − 0.13 16 137 0.297 0.86 17 1251
Perciformes 0.102 − 0.62 29 513 0.006 ¡0.71 35 685 0.518 0.56 23 253 0.233 0.65 18 738
Pleuronectiformes 0.939 − 0.02 28 240 0.109 0.32 34 253 0.948 0.08 23 104 0.805 0.07 18 83
Acanthuriformes 0.254 0.77 17 169 0.318 0.72 30 412 0.875 0.41 4 6 0.151 − 0.52 10 42
Aulopiformes 0.140 0.44 23 178 0.128 − 0.55 27 287 0.647 − 0.73 11 53 0.430 − 0.31 11 84
Clupeiformes 0.542 − 0.06 21 333 0.098 − 0.48 19 110 0.546 − 1.11 6 43 0.625 − 0.91 10 103
Siluriformes 0.061 − 0.63 18 156 0.031 ¡0.49 13 77 NA NA 0 0 0.250 − 3.77 3 3
Tetraodontiformes 0.135 − 0.09 14 40 0.256 − 0.27 14 29 0.876 0.06 10 13 0.845 0.05 14 55
Characiformes NA NA 2 48 NA NA 1 1 NA NA 0 0 NA NA 0 0
Carangiformes 0.385 − 0.43 7 21 0.716 − 0.13 6 7 NA NA 0 0 0.500 − 0.25 3 3
Mugiliformes 0.875 − 0.39 4 4 NA NA 0 0 NA NA 0 0 1.000 0.23 3 3
Beloniformes NA NA 0 0 NA NA 0 0 NA NA 0 0 NA NA 1 1
Labriformes NA NA 0 0 NA NA 0 0 NA NA 1 1 NA NA 0 0

Notes: Significant differences (p < 0.05) are indicated by bolded text, while nearly significant differences (0.05 < p < 0.1) are indicated by italicized text.
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specifically test for the effects of illumination, controlling for any effects 
of mounting the illumination devices on the nets (e.g., changes in net 
profile and catch efficiency). These physical effects of the illumination 
device likely differ depending on the exact device used. Given that there 
are many commercially available light options with varying character
istics (e.g., weight, size, materials), it is important to understand how 
the chosen device specifically influences catch, with and without active 
illumination (Yochum et al., 2024).

While it is unclear why some wavelengths performed better than 
others, the design of elasmobranch vision systems may play a role. 
Elasmobranchs have well-developed eyes and see a wide range of light 
intensities (Hart et al., 2006; Hart and Collin, 2015). Color vision in 
elasmobranchs, however, is limited or nonexistent, particularly in 
sharks (Hart et al., 2006; Lisney et al., 2012). Elasmobranchs most likely 
rely on high contrast sensitivity (i.e., the ability to distinguish between 
an object and its background) to discern features of their environment, 
such as fishing nets (Hart, 2020; Hart and Collin, 2015). Bright lights in 
colors optimized for high visual contrast between fishing gear and the 
environment (e.g., orange) may be the most effective net illumination 
strategy for elasmobranch bycatch reduction. Nevertheless, elasmo
branch visual systems are highly diverse and their behavioral responses 
to light may be affected by environmental conditions (e.g., turbidity, 
ambient light), behavioral states, and life history (Burgher et al., 2026; 
Hart and Collin, 2015; O'Farrell et al., 2024), leading to varied responses 
to net illumination. Understanding how both environmental and 
behavioral factors affect net illumination performance will help fishery 
managers determine whether net illumination could be an effective 
bycatch solution for coastal gillnet fisheries (Yochum et al., 2024). Our 
findings highlight the need to account for taxonomic variation in sen
sory capabilities and behavior when evaluating net illumination, while 
also providing clear justification for further comparison of light types 
across diverse fisheries and environmental contexts.
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